Background: Adiponectin, an anti-inflammatory adipocytokine, is reduced in hypertension, diabetes, and coronary artery disease (CAD). Arterial stiffness, as aortic pulse wave velocity (PWV) in hypertension and diabetes, and as augmentation index (AIx) in CAD, is independently associated with cardiovascular mortality. We explored the relationship between adiponectin and arterial stiffness in essential hypertension.
A diponectin has emerged in the past few years as an important adipocytokine modulating insulin resistance with anti-inflammatory and antiatherogenic properties. 1 It is expressed and excreted only in the adipose tissue and plasma levels are relatively high, representing approximately 0.01% of total plasma proteins and concentrations exceed those of many other common hormones. Adiponectin levels are related positively to HDLcholesterol but inversely to insulin 1 and its levels are reduced in obesity and type 2 diabetes. 2 Insulin has inhibitory effects on the levels of adiponectin. 1 More recently, adiponectin has been shown to possess anti-inflammatory properties and may modulate the process of atherogenesis, 1 suggesting that adiponectin deficiency associated with obesity, metabolic syndrome, and type 2 diabetes may contribute to accelerated atherosclerosis in such conditions.
Atherosclerotic changes in large arteries make an important contribution to pathogenesis of cardiovascular disease. Increased aortic stiffness measured as carotidfemoral pulse wave velocity (PWV) is associated with increased risk of cardiovascular events in the hypertensive 3 and diabetic 4 populations. Augmentation index (AIx), a composite of wave reflection from medium-sized muscular arteries, left ventricular ejection, and PWV, is related to the development of coronary artery disease (CAD). 5 The PWV is significantly correlated with plasma glucose levels in subjects with impaired glucose tolerance 6 and there is a significant relationship between plasma insulin levels and aortic stiffness in the general population 7 and in subjects with metabolic syndrome. 8 There is also a significant association between the changes in brachial ankle PWV and adiponectin in type 2 diabetes patients after treatment with pioglitazone, which significantly reduced both brachial ankle PWV and increased adiponectin concentrations. 9 However, there is no information on the relationship between AIx and adiponectin in hypertension. Therefore, the aim of our study was to explore the relationship between adiponectin and arterial stiffness determined by both PWV, a classic marker of aortic stiffness and AIx, reflecting the stiffness of the medium-sized muscular arteries, in a never-treated hypertensive population.
Methods

Patients and Methods
We recruited 76 never-treated hypertensive subjects with diagnosis based on three outpatient measures of blood pressure (BP) greater than 140/90 mm Hg and confirmed by daytime ambulatory BP monitoring (Ͼ135/80 mm Hg). The mean (ϮSEM) age was 47 Ϯ 1 years (range 38 to 64 years), 34 were women and 26% of the patients were smokers. None of these subjects had received treatment for hypertension or any other medications that may influence BP or arterial stiffness. None of the patients had secondary causes of hypertension, CAD, renal disease, liver disorders, or diabetes. Patients were studied in the morning after an overnight fast having refrained from caffeinecontaining beverages, alcohol, and smoking in the previous 12 h. The subjects gave informed consent and the study had institutional ethics committee approval.
Laboratory Measurements
Height, weight, waist, and hip measurements were recorded for each patient. Venous samples were drawn into EDTA tubes, centrifuged (4°C, 2500 rpm) for 10 min and supernatant stored at Ϫ80°C. Plasma adiponectin, C-reactive protein (CRP), tumor necrosis factor-␣ (TNF-␣), and interleukin-6 (IL-6) levels were measured by enzymelinked immunosorbent assay (ELISA) (R & D Systems Ltd., Abingdon, Oxford, UK) in duplicates. In addition, the plasma levels of total cholesterol, LDL, HDL, glucose, and creatinine were measured by standard methods and the creatinine clearance calculated.
Hemodynamic Measurements
After a supine rest of 15 min, BP and heart rate was measured with an automated oscillometric device (Omron model HEM 705 CP, Omron Corporation, Tokyo, Japan) in the right arm after which AIx and carotid femoral PWV were measured as previously described. 
Arterial Pulse Wave Analysis
Radial applanation tonometry was used to acquire the aortic pressure waveform noninvasively using the generalized transfer fraction (Sphygmocor, version 7.1, Sydney, Australia). The aortic pressure waveform was used to derive the aortic BP and the AIx (difference in height of the first and second systolic peak in the aorta and aortic pulse pressure). Time to reflected wave (TR) was measured from the foot of the wave to the inflection point on the waveform and left ventricular ejection was measured from the foot of the wave to the diastolic incisura. The pulse pressure amplification was calculated as the difference between brachial and aortic pulse pressure.
Pulse Wave Velocity
Carotid-femoral PWV was measured with an automated system (Artech Medical, Coléon, France) using the footto-foot method. The carotid and femoral waveforms were acquired simultaneously with two pressure-sensitive transducers and the transit time of the pulse calculated by the system software. The distance between the two arterial sites was measured on the body using a tape measure and PWV calculated as the distance divided by time (meters per seconds). At least 12 successive readings were used for analysis to cover a complete respiratory cycle.
Statistical Analysis
Statistical analysis performed with JMP version 5.0 (SAS for Windows, Cary, NC, USA). As PWV adiponectin and the inflammatory cytokines were not normally distributed they were log transformed for further analysis. The coefficient of variation of all the primary measures PWV, AIx, adiponectin, and inflammatory markers was under 5%. Relationship between adiponectin, PWV, AIx, and other parameters was analyzed using nonparametric methods (Spearman correlations). To study whether there was an independent relationship between PWV and AIx with adiponectin, stepwise regression analysis was used. In the first model, we took PWV as the dependent variable and age, mean arterial pressure, gender, body mass index (BMI), waist/hip ratio, heart rate, smoking status, adiponectin and CRP, plasma glucose, and lipoproteins as independent variables. In the second model, with the same independent variables, AIx was analyzed as the dependent variable. Results are expressed as mean Ϯ SEM; P Ͻ .05 considered significant.
Results
Baseline data for the patient population is summarized in Tables 1 and 2 .
The relationship between adiponectin and measures of arterial stiffness and other hemodynamic variables and anthropological parameters is shown in Table 3 . Adiponectin was inversely related to subject's height, weight, waist, waist-to-hip ratio, but not BMI. There was also an inverse correlation between PWV, TR, pulse pressure amplification, and adiponectin. In contrast the significant relationship with AIx was positive. There was no relationship between adiponectin and brachial or aortic BP, with the brachial diastolic BP being closest to achieving statistical significance (P ϭ .07). Although the relationship with heart rate was not statistically significant there was a positive relationship with left ventricular ejection duration. Adiponectin was positively correlated with HDL-cholesterol and negatively with glucose and triglycerides, but not with total cholesterol. There was no significant relationship between adiponectin levels and CRP (r ϭ Ϫ0.08), TNF-␣ (r ϭ Ϫ0.10), and IL-6 (r ϭ Ϫ0.13). The relationship between PWV and other parameters is given in Table 4 . There was no difference in plasma adiponectin levels, PWV, and AIx between smokers and nonsmokers. The PWV was significantly and positively related to age, BP, AIx, and plasma glucose and inversely to TR and HDLcholesterol with no relationship with heart rate, BMI, waist, and hip measurements or LDL and total cholesterol.
In a stepwise multiple regression model, plasma adiponectin levels independently predicted PWV, when adjusted for age, mean arterial pressure, gender, height, weight, waist-to-hip ratio, conventional cardiovascular risk factors, and CRP with age and mean arterial pressure the other independent predictors (R 2 ϭ 0.62, P Ͻ .0001; Table 5 ). However, when adjusted for the subject's anthropomorphic measurements, cardiovascular risk factors and CRP, AIx was predicted by heart rate, height, mean arterial pressure, age, and gender (R 2 ϭ 0.69, P Ͻ .0001) with no contribution from adiponectin.
Discussion
Our results show a significant inverse relationship between plasma adiponectin levels and PWV in hypertensive subjects. The finding of a negative relationship with PWV is in keeping with previous observations relating both PWV and adiponectin to cardiovascular risk. An increased PWV is associated with cardiovascular events in the hypertensive 3 and diabetic 4 populations and in subjects with endstage renal disease (ESRD). 10 Low plasma adiponectin concentrations may predict the risk of acute coronary syndrome, 11 but not of restenosis after coronary stenting.
12
Adiponectin modulates endothelial adhesion molecules 13 and has been found in the subendothelial space of the subcarotid arteries injured by a catheter and in atheroscle- rotic lesions within the endothelium 14 and may prevent vascular restenosis. 15 Circulating adiponectin concentrations are protective against CAD 16 and also predictive of subsequent cardiovascular events in patient with ESRD. 17 Aortic distensibility measured by ultrasound was lower in patients with chronic renal failure, suggestive of increased stiffness, but there was no relationship between distensibility and adiponectin in either controls or the patients with renal disease. 18 However, in diabetic patients where adiponectin levels are reduced 2 PWV is increased. Reduced adiponectin levels are associated with increased future coronary heart disease events in men with type 2 diabetes. 19 In subjects with type 2 diabetes there is a significant correlation between changes in adiponectin concentrations and changes in the ankle brachial pulse wave estimate of PWV 9 after treatment with pioglitazone. Studies looking at adiponectin concentrations in patients with hypertension have produced conflicting results. Adamczak et al 20 reported lower concentrations, whereas Mallamaci et al 21 showed higher adiponectin concentrations in hypertensive patients. Furuhashi et al 22 found reduced adiponectin concentration in a group (40%) of hypertensive patients who had insulin resistance determined by using a euglycemic hyperinsulinemic glucose clamp technique. It has recently been shown 23 that essential hypertensive patients with a nondipping pattern show more prominent insulin resistance and lower adiponectin levels compared to dippers. No correlation was found between adiponectin and systolic/diastolic (clinic or 24-h ambulatory) BP levels, 17, [21] [22] [23] although one study 20 did show a negative correlation with systolic, diastolic, and mean arterial pressure. Whether the relationship between adiponectin and PWV extends to a normotensive population or a "threshold" level of pressure is required to lower adiponectin levels was not studied. Our data did not provide strong evidence of an association between adiponectin concentration and brachial or aortic BPs.
This study also provides an interesting dichotomy in the relationship between indices of arterial stiffness, both independent cardiovascular risk factors, and the concentration of the adipocytokine adiponectin, which itself may play a significant role in reducing cardiovascular risk. In contrast to PWV, the relationship between arterial stiffness as assessed by AIx or wave reflection, and adiponectin is a positive one (Figure 1) .
How adiponectin and PWV are related is not immediately clear and may possibly be attributable to other metabolic and vasoactive factors not measured in the study. For example, adipocytes also secrete TNF, leptin, resistin, and a number of other growth factors. 1 Because there is evidence that systemic inflammation, as represented by C-reactive protein concentration, is related positively to PWV, 24 one may speculate that the relationship is due to a reduced anti-inflammatory effect as a consequence of lower concentrations of adiponectin. However, we did not detect any relationship between adiponectin concentration or other markers of inflammation-TNF, IL-6, and CRP. Furthermore, adiponectin independently predicted PWV, even when CRP is added in the model. Unfortunately we have not measured insulin resistance, which is common in hypertension, but there was a negative relationship between adiponectin and plasma glucose suggesting insulin resistance, which we know increases PWV, and this may be one mechanism. Adiponectin also binds to collagen but to separate the anti-inflammatory and insulin resistance components of adiponectin it may be necessary to measure subtypes, trimers, and the carboxy-terminal globular domain that activates AMP-activated protein kinase and the hexamer and high molecular isoforms that activate nuclear factor-␤ signaling pathways. 25 We did not observe any difference between smokers and nonsmokers in relation to plasma adiponectin levels, PWV, or AIx in this study, although we have reported previously a significantly higher AIx in a young healthy normotensive smoking cohort compared to the nonsmoking group. 26 However, this may be due to the small number in our study of middle-aged hypertenisves and as suggested earlier, 26 an age-related effect of smoking on BP. Also the effect of smoking on arterial stiffening may be quite different in healthy compliant arteries compared to hypertensive patients with established arterial stiffening.
An examination of the determinants of the two parameters of stiffness that we measured may provide some insight as to their divergent relationship with adiponectin. As previously reported 3 and seen in this study age and BP are the major determinants of PWV. Both age and BP also contribute to AIx, which is a composite of the extent and site of wave reflection, the rate of wave propagationlargely PWV and ventricular ejection. However, arterial wave reflection is influenced particularly by anthropomorphic (eg, height, gender) factors in addition to hemodynamic factors including heart rate and site of the reflected wave. In this study heart rate and height were important independent determinants of AIx (Table 5) , and although the negative correlation between adiponectin and heart rate was not significant, it was positively correlated with ejection duration. Healthy young men (college students) with high normal BP have lower serum adiponectin and higher heart rates than men with optimal BP, even after adjustment for BMI. 27 Heart rate is inversely and independently related to insulin sensitivity. 28 Sympathetic overactivity may be a common preceding feature of higher heart rate and insulin resistance. 27, 29 Relative sympathetic activation, as derived from heart rate variation, was associated with low adiponectin in patients with non-insulin-dependent diabetes mellitus. 30 . It is clear from the anthropomorphic measurements that the strongest correlation with adiponectin concentrations is body height. Shorter individuals have higher adiponectin and higher AIx, the latter in part due to the shorter distance for wave travel to reflection sites. It is well established 31 that taller individuals have not only lower AIx but also increased pulse pressure amplification. Therefore, the negative relationship to amplification in this study suggests that these hemodynamic influences may be determinants for the positive relationship between AIx and adiponectin. In multivariate analysis adiponectin is not an independent determinant of AIx (in contrast to PWV) and its relationship is one of association with the other, particularly with anthropomorphic factors determining AIx. This study also emphasizes the need to have complimentary but independent measures of arterial stiffness.
